According to recent measurements the tendency of the chemical composition above the ankle is characterized by increasing fractions of intermediate and heavy nuclei and a dominance of light nuclei around the ankle. Calculation of the chemical composition in the range 3.5 × 10 18 -5 × 10 19 eV according to new principles explains both the rising tendency of the heavy component. The calculation is prolonged to the adjacent interval 5 × 10 19 -2.4 × 10 21 eV using the same theoretical background and some features of the observed cosmic-ray spectrum. It results that above the energy of 6.7 × 10 20 eV, where the flux is estimated to be 1.8 × 10
Introduction
In the year 2005-2007 the HiRes Collaboration reported unequivocal evidence for a break of the cosmic-ray spectrum close and above to 5 × 10 19 eV [1] . This suppression was confirmed by the Auger Collaboration at a significant lower energy [2] in the range (2 - [6]; (B) there is a suppression in the energy spectrum above 2.6 × 10
with respect to a power-law extrapolation from the vast, adjacent, lower energy band, for instance the energy decade 2.6 × 10 18 -2.6 × 10 19 eV [7] .
Let us anticipate that the energy scales of the instruments are of critical importance for the validation of the energy spectrum computed in this paper above 
The Power Law of the Energy Spectrum of the Cosmic Radiation with a Single Index
A brief description of the third input C follows. Two decades of research via numerical simulation of the properties of Galactic cosmic rays have led to the explanation of the knee and ankle of the energy spectrum of the cosmic radiation [8] . The knee and the ankle are effects caused by the particle transport in the Galaxy (propagation effects) and not by the acceleration mechanism. This explanation is achievable only by introducing a notable assumption called Principle of Constant Indices [9] which states:
The physical process accelerating cosmic rays in the Galaxy releases particles with an energy spectrum featured by a power law and a constant index of 2.67 ± 0.05 in the energy range 10 9 -5 × 10 19 eV.
Cosmic-ray propagation in the Galaxy has a negligible effect (see Chapter 17 of ref. 10) on the index inherent the acceleration process. Why this assumption is called principle is justified elsewhere [9] .
The cosmic-ray spectrum shown in Figure 1 in the limited range 10 9 -2.6 × 10 19 eV is comprised between two rails, the blue lines, which differ by a factor 38 marked in Figure 1 . The theoretical framework which explains the knee and ankle features also provides the characteristic gap expressed by the factor 38 [8] .
Measurements of the energy spectra of 12 individual cosmic nuclei in the preknee region 10 11 -10 15 eV indicate that the spectral indices are compatible with a common value of 2.67 × 0.05 [11] . Above the ankle energy the all-particle indicated by a vertical green segment. References to the data of the figure are elsewhere [10] .
tures [9] [10]: (1) it is distributed in space; (2) the accelerated particles obey a power law compatible with a single index of 2.67 ± 0.05 [11] ; (3) it operates in the range 10 9 -2.0 × 10 20 eV. For conciseness in this paper the ensemble of these features is designated by Galactic Accelerator. Thus the Principle of Constant Indices [9] has been rephrased here by the properties of the Galactic Accelerator.
Other parameters of the Galactic Accelerator, conceivable a priori, could be the maximum energy of operation E max and the efficiency of the acceleration . Logical scheme with four biforcation levels based on experimental data (energy spectrum and chemical composition) leading to the conclusion that quiescent nuclei are suppressed at the injection of the galactic accelerator (see also Figure 3 ) above the energy threshold E LI (Z) proportional to the atomic number Z of the nucleus.
than one link of the logical chain. The intrinsic acceleration process is also assumed not to alter the chemical composition at the injection, which is a common assumption recurrent in the literature.
A priori any incipient deviation from a power-law spectrum with a single parameter could be a depression or an enhancement. The data clearly manifest a depression above the energy 2.6 × 10 19 eV marked by a vertical green segment in Figure 1 . This particular energy is designated by E LI (H) and shortly by E LI where H is for Hydrogen or protons and LI for Lack of particle Injection to the Galactic Accelerator. These wordings are justified below.
According to the Auger Collaboration the flux depression is halved with respect to a power-law extrapolation with a single parameter at the energy of (4.01 ± 0.21) × 10 19 eV [13] which is quite consistent with E LI = 2.6 × Figure 2 ).
Moreover they change in a very selective manner: the fraction of heavy ions augments with energy, or equivalently, the fraction of light ions decreases with energy (level 4 in Figure 2 ). The trend of the chemical composition with energy is certain but the absolute fractions of individual nuclei composing the cosmic radiation are still not known. The simple conclusion to be drawn is that: (1) the acceleration mechanism performs with the same efficiency above E LI = 2.6 × 10 19 eV; and (2) the relative abundances of cosmic nuclei at the sources, before acceleration, change with the energy.
Major alternatives excluded by data as structured in the scheme of Figure According to the conclusion given in Figure 2 the cosmic-ray flux is expected to abruptly fall as the energy increases and then to stabilize in plateaux (staircase pattern) as shown in Figure 3 . The gap between adjacent plateaux are directly proportional to the abundances of the nuclear species in the interval, 1 ≤ Z ≤ 92.
Thus the observed flux above E LI can deviate from the lower rail in Figure 1 by discrete amounts; amounts related to the fractions of nuclei composing the cosmic radiation. After the flux fall of a given nucleus, the spectrum regains the same slope of 2.67. Virtually each nucleus gives an intensity step. As the energy increases the lighter nuclear species disappear and the total flux grows thinner and thinner (see Figure 3 ).
The Predicted Energy Spectrum in the Range 10 19 -2.4 × 10 21 eV
The determination of the energy spectrum above E LI ≡ E LI (H) = 2.6 × 10
19 eV requires two additional parameters: (I) the abundances of cosmic-ray nuclei around 10 19 eV at the injection; (II) the rule by which cosmic-ray nuclei are filtered at the injection. Figure 3 . Illustration of the mechanism giving rise to a staircase pattern in the energy spectrum. The mechanism is designated in this paper by lack of particle injection to the Galactic Accelerator and the lower energy where it manifests itself is E LI = 2.6 × 10 19 eV.
As far as the energy increases above E LI quiescent atoms at the injection are somehow fil- The predicted spectrum in the range 10 19 -2.3 × 10 20 eV is given in Figure 4 (green squares) along with the positions of the threshold energies E LI (Z) of the and not to those of the TA experiment, is arbitrary.
Of course the flux in Figure 4 continues to decrease with the power law, which is the characteristic of the Galactic Accelerator, but there is an additional decrement caused by particle injection failure generating a first break above 2.6 × 10 19 eV (proton depletion).
In Figure 5 the computed spectrum is extended up to 2. 
Comparison between Computed and Observed Spectra
The spectra measured by TA and Auger Collaborations are compared with the predicted spectrum (green squares) in Figure 6 . In order to better focus on the minute aspects of the spectrum, a linear scale of energy is used. Below 8 × 10 19 eV the computed spectrum lies between the TA and Auger data and above this 
